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a b s t r a c t
Large-scale synoptic conditions and economic impact of heavy snow in Polish–German lowlands were
analysed. During intense snowfalls, negative anomalies of sea level pressure (SLP) and 500 hPa level
appear over central Europe, resulting in a low pressure system. Snow cover persistence is possible under
positive anomalies of SLP over the majority of the continent, except for its south western part where
weak negative anomalies are observed.
& 2013 The Author. Published by Elsevier B.V.
Economic impact of heavy snow and aim of the study
In central European lowlands, winters are considered to be very
changeable seasons. The diversity throughout the season may be
described by cold periods alternating with the mild ones and by
the short- or long-lasting snow cover. Heavy snowfalls, sometimes
combined with blizzards, may happen throughout the cold season
and they usually have a strong economic impact, as the last winter
(2009/2010) has shown.
Heavy snow tends to cause trafﬁc hazards, communication
problems and even to paralyse the community life, as it happened
after short but strong snow storms taking place in Germany and
Western Europe in the end of November 2005. The deep snow
accumulation may be dangerous for building structures. Heavy
snow piled up on roofs may cause serious damage, as it happened
in January 2006 in Bavaria, where due to construction deﬁcits the
roof of the ice rink collapsed under heavy snow, and in Katowice
(Poland), where the exhibition hall collapsed during the racing
pigeon show, because the snow piled up on the roof. Both tragedies
brought many deaths and injuries. There are also positive impacts of
high snow on human activity, i.e. it enables winter sports, as for
instance cross country skiing in lowlands regions. Serious social and
economic effects of severe winter weather justify research into
synoptic reasons for heavy snowfalls and snow persistence.
The impact of large-scale circulation patterns such as the North
Atlantic Oscillation (NAO) on snow cover persistence has been
analysed in a number of previous studies. The correlation between
the NAO index and snowiness is statistically signiﬁcant in central
Europe but it becomes less signiﬁcant towards the east (Gutzler and
Rosen, 1992; Clark et al., 1999; Bednorz, 2002, 2004; Falarz, 2007).
Studies on snow cover – circulation relationships on the daily
temporal scale – have been carried out in different parts of Europe.
The severe snowstorms formation has been investigated in Austria
by Schalko (1949) reﬁned by Spreitzhofer (1999a, 1999b, 2000),
who developed synoptic classiﬁcation of snowstorms in Austria.
He revealed two main typical weather patterns related to intense
snowfalls in Austria, one with a north westerly ﬂow and the other
with an extended low-pressure system over the western Mediter-
ranean. Conditions of the severe snowstorms occurrence over the
Swedish east coast have been investigated by Andersson and
Nilsson (1990) and Andersson and Gustafsson (1993). They have
adopted the assumption of convective bands, meaning convection
developing in cold air streams over a much warmer sea surface,
being responsible for the coastal snowfalls maxima. Bednorz
(2006) has found circulation patterns responsible for daily changes
in the snow cover depth in Polish–German lowlands during the
last decade of December. Nowosad (1992) has analysed the daily
changes in the snow cover depth versus the atmospheric circula-
tion types in the Bieszczady Mountains (south-eastern Poland).
He has found that western and north western cyclonal types
of circulation cause snowfalls most frequently, while eastern
anticyclonal types are favourable to snow cover persistence.
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Synoptic conditions with Mediterranean lows resulting in heavy
snowfalls in several stations in southern part of central Europe
have been analysed in a case study concerning episodes in
February 2003 (Bednorz, 2003). Babolcsai and Hirsch (2006) have
worked out detailed characteristics and synoptic classiﬁcation of
heavy snowfall events in Budapest for the period 1953–2003,
consisting of eight weather types. Most of them were connected
with different kinds of Mediterranean cyclones and additionally
with secondary lows in north western Europe.
The aim of this study was to ﬁnd out common features of daily
circulation patterns responsible for heavy snowfalls in Polish–
German lowlands. This kind of research has not been carried out,
so far for this part of Europe. Closer analysis of heavy snow
conditions may be helpful in recognising circumstances of snow
cover appearance in central European lowlands. Furthermore,
synoptic conditions of high snow persistence were taken into
consideration and pressure pattern favourable for snow subsisting
was described.
According to climate projections, shrinking of the seasonal
snow cover is expected in Europe (Adaptation in Europe, 2013;
Climate Change, Impacts and Vulnerability in Europe, 2012). As
Projected by most models increase in winter precipitation will not
mean more snow on the ground, as snow cover is sensitive to
winter temperature as well as to snowfalls (Raisanen, 2008;
Raisanen and Eklund, 2012). Number of days with snowfall above
10 cm will increase only in the north and they will probably
decrease in other parts of Europe. Also the reduced number of
snow cover days is expected in this region (Kjellström et al., 2011).
In such context research on synoptic conditions of high snow
occurrence in central Europe seems to be essential.
Data and methods
Daily data of snow cover depth in ﬁve German stations (Schleswig,
Rostock-Warnemuende, Hamburg, Brunswick, and Potsdam) and six
Polish stations (Szczecin, Poznań, Legnica, Łeba, Łódź, and Warszawa)
in 48winter seasons 1960/61–2007/2008 (months from November to
March) were used (Fig. 1). Data for the German stations were derived
from ‘Deutsches Meteorologisches Jahrbuch’ published by the
Deutscher Wetterdienst (Offenbach and Potsdam); Polish data were
supplied by the Institute of Meteorology and Water Management.
Homogeneity of snow depth data was checked and no missing
values appeared in the analysed period. Stations used in the study
are located at an altitude not exceeding 200 m above sea level. In
this area the amount of snow diminishes from the east towards
the west. Mean annual number of days with snow cover range
from 28 in the west (Brunswick) to 61 in the east (Łódź). The mean
maximum snow depth reaches 13 cm in the west and it does not
exceed 22 cm in the east.
Snow depth observations at meteorological stations are taken
once a day at 6:00 UTC with the precision of 1 cm. For the purpose
of the study, the days during which snow cover depth increased by
Z10 cm were selected. Furthermore, the days with a deep snow
cover (Z20 cm) were analysed. The value of snow depth equal to
20 cm is close to the value of 99 percentile for most of the stations.
Such threshold is often used in climatological studies (IPCC Fourth
Assessment Report, 2007). The value of 10 cm depth of the fresh
snow is considered to have a strong impact on economics (mainly
transport).
It should be kept in mind that snow cover changes and snow
depth do not fully express the risk of damages caused by piled up
snow, as they do not show an internal dynamics of snow cover.
The aging and retention processes, which increase snow density,
signiﬁcantly increase the risk of damages and hazards, as it was in
the given examples in 2006 in Bavaria and Katowice. In such cases,
the snow water equivalent measurements are suitable to assess
damage risks. However the high depth of snow itself and in
particular its rapid increase almost always causes trafﬁc hazards,
communication problems and power shortages. This may paralyse
the community life, as it happened after short but strong snow
storms taking place in Germany and Western Europe in the end of
November 2005.
To determine synoptic conditions of heavy snowfalls and snow
cover persistence the daily mean sea level pressure (SLP) and
500 hPa geopotential heights data were used. They were selected
from the National Centres for Environmental Prediction/NationalFig. 1. Distribution of weather stations.
Table 1
Mean and maximum seasonal number of days with daily snowfalls of Z5 cm, Z10 cm, Z15 cm for winters 1960/61–2007/08.
Name of station Z5 cm Z10 cm Z15 cm
Mean Max Mean Max Mean Max
1969/70 1978/79 1969/70 1978/79
Schleswig 2.4 7 13 0.6 2 9 0.1 1
Hamburg 1.9 4 9 0.4 0 3 0.1 2
Brunswick 1.7 5 4 0.3 4 1 0.1 0
Rostock W. 2.1 6 8 0.4 2 2 0.2 1
Potsdam 2.8 2 2 0.7 0 1 0.1 1
Szczecin 2.3 5 6 0.4 0 2 0.2 1
Poznań 2.2 6 5 0.4 3 0 0.0 0
Legnica 2.6 10 6 0.5 3 2 0.1 1
Łeba 3.6 12 4 0.7 5 1 0.2 1
Łódź 3.7 11 10 0.9 3 5 0.2 1
Warszawa 3.6 14 11 0.7 5 6 0.2 3
Mean 2.6 7 7 0.6 2 3 0.1 1
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Centre for Atmospheric Research reanalysis data (Kalnay et al., 1996).
From the same source, temperature values at isobaric level of
850 hPa (T850, usually equal to about 1500 m a.s.l.) were obtained
and used in the study. All above-mentioned reanalysis data are
grid-based (resolution of 2.52.51). Such spatial grid resolution
and quality of data are sufﬁcient for identifying mesoscale SLP
Fig. 2. (A) Sea level pressure (coloured) and geopotential height of 500 hPa (dashed lines) and (B) temperature at 850 hPa geopotential level. Mean for the period from
November to March.
Fig. 3. (A) Mean see level pressure (coloured) and geopotential height of 500 hPa (dashed lines), (B) anomalies of the sea level pressure (coloured) and geopotential height of
500 hPa (dashed lines), (C) mean temperature at 850 hPa geopotential level and (D) anomalies of the temperature at 850 hPa geopotential level. For the days with snowfall of
at least 10 cm in at least 2 stations.
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patterns (i.e. locations of baric centres) appearing during high
snow cases.
Composite maps of the SLP and 500 hPa geopotential heights
means and anomalies were constructed separately for the days
with heavy snowfalls and snow persistence. Anomalies were
computed as differences between composite values and 48-year
seasonal means (November–March). Considering that snowfalls
may appear locally, only the days when heavy snowfalls were
noted in more than one station were selected to the analysis, in
order to take into account only large extended snowfalls and snow
Table 2
Mean and maximum seasonal number of days with snow cover of the depth Z10 cm, Z20 cm, Z30 cm for winters 1960/61–2007/08.
Name of station Z10 cm Z20 cm Z30 cm
Mean Max Mean Max Mean Max
1969/70 1978/79 1969/70 1978/79 1969/70 1978/79
Schleswig 8.7 110 71 2.7 30 65 1.4 1 62
Hamburg 5.6 9 62 2.1 0 55 0.6 0 25
Brunswick 7.3 54 63 2.4 23 36 0.2 0 8
Rostock W. 7.2 33 64 2.5 0 31 1.1 0 14
Potsdam 12.7 5 5 3.7 0 0 1.5 0 0
Szczecin 10.4 46 65 2.9 2 61 0.6 0 21
Poznań 13.6 102 66 3.5 63 33 0.5 17 0
Legnica 10.1 57 64 3.1 5 57 0.4 1 15
Łeba 19.1 123 67 8.4 90 64 4.7 66 60
Łódź 22.5 114 78 9.8 83 69 3.7 27 60
Warszawa 19.9 113 70 9.2 94 64 3.6 49 54
Mean 12.5 70 61 4.6 35 49 1.7 15 29
Fig. 4. (A) Mean see level pressure (coloured) and geopotential height of 500 hPa (dashed lines), (B) anomalies of the sea level pressure (coloured) and geopotential height of
500 hPa (dashed lines), (C) mean temperature at 850 hPa geopotential level and (D) anomalies of the temperature at 850 hPa geopotential level. For the days with snow
depth of at least 20 cm in at least 6 stations.
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persistence. For the events of heavy snowfalls a threshold of at
least two stations, where heavy snowfalls appeared, were applied
and for the persistence of high snow a threshold of at least six
stations and a thresholds of all 11 stations were applied.
In the same way as the SLP and 500 hPa geopotential heights,
the air temperature at the level of 850 ha geopotential height
(T850) were used. Air temperature at that height is considered to
be free from the surface inﬂuence and it reﬂects only features of
air masses coming or persistent over the studied area, which was
the idea of this study.
Results
Snowfalls resulting in a Z5 cm daily increase in snow cover
depth occur on an average two to four times in a winter season,
but in extremely snowy winters 1969/70 and 1978/79 they
appeared more than ten times (Table 1). Extremely heavy snow-
falls, resulting in a Z10 cm daily increase in snow cover depth,
occur on average less frequently than once a year in the analysed
area, yet during extremely snowy winters there may be several
such incidents and even single events of snowfalls Z15 cm
(Table 1). They are always contingent upon negative anomalies
of the SLP (sea level pressure) over central Europe (for the
mean SLP see Fig. 2), i.e. low pressure systems spreading over
Polish–German lowlands and south of them (Fig. 3, constructed on
the basis of 52 cases fulﬁlling thresholds of snowfall Z10 cm,
taking place in Z2 stations). At the same time, higher-than-
normal pressure is observed over the north Atlantic, sometimes
forming a vast blocking system at the sea level and at the
geopotential height of 500 hPa. Such pressure patterns remind
about the negative phase of the NAO and they result in moderating
the western ﬂow and in intensifying the northern and north
eastern ﬂow. Also, substantial negative anomalies of temperature
in lower troposphere (at 850 hPa geopotential height) over the
entire continent (the strongest over south Scandinavia) are
observed during the days with heavy snowfalls (Fig. 3C and D).
Different pressure conditions contribute to the persistence of
deep snow cover (at least 20 cm). Such situations appear a few times
a year on the average in Polish–German lowlands (Table 2). In these
cases positive anomalies of SLP spread over the central and northern
part of Europe, with a centre of high pressure in the north eastern
part of the continent, while local cyclones, which may potentially
bring further snowfalls, occur over the Mediterranean (Fig. 4, con-
structed on the basis of 134 cases fulﬁlling thresholds of snow depth
Z20 cm, in Z6 stations and Fig. 5, constructed on the basis of 20
cases fulﬁlling thresholds of snow depth Z20 cm, in 11 stations).
Snow cover of the depth Z10 cm may persist on the average from
several days in the west of studied area to more than twenty days in
Fig. 5. (A) Mean see level pressure (coloured) and geopotential height of 500 hPa (dashed lines), (B) anomalies of the sea level pressure (coloured) and geopotential height of
500 hPa (dashed lines), (C) mean temperature at 850 hPa geopotential level and (D) anomalies of the temperature at 850 hPa geopotential level. For the days with snow
depth of at least 20 cm in 11 stations.
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the east (Table 2). In the most snowy winters, as in 1969/70, deep
snow may persist more than hundred days. Snow cover of the depth
Z30 cm does not appear once in a few years, but deep snow cover
(0 30 cm) may last for more than 60 days.
Snow persistence requires the temperature below zero. This
condition is fulﬁlled at the airﬂow direction from the east
(or south east) which brings about frosty air from the interior of
the continent. A winter high pressure system extending over the
eastern Europe also generates low temperature, due to the
nocturnal radiation conditioned by a clear sky. Therefore, weak
negative anomalies of temperature in lower troposphere (at
850 hPa geopotential height) are observed (Figs. 4 and 5C and D).
Discussion and conclusions
Composite maps constructed for the days with heavy snowfalls
in Polish–German lowlands and for the days with persistence of
deep snow cover allow drawing some general conclusions on
synoptic conditions of such events. The most typical character-
istics of the baric conditions favourable for heavy snowfalls in
central Europe are the negative SLP anomaly and depression of
500 hPa geopotential heights over the continent, i.e. the presence of
low pressure systems there. The cyclonic activity over the continent
which brings snowfalls is simultaneous to the weakening of the
Icelandic Low and positive SLP anomalies over the north Atlantic.
This synoptic situation is well-known and represents the Hess–
Brezowsky Grosswetterlage TM (Low over Middle Europe) type
(Dittman et al., 1995). Weakening of the Icelandic Low corresponds
to the negative NAO phase, which is the best known macro-scale
circulation type, having a great impact on winter temperature in
Europe and has been proven to contribute to a large snow cover
extent in Europe (Gutzler and Rosen, 1992; Clark et al., 1999;
Bednorz, 2002, 2004; Falarz, 2007). The negative phase of NAO
signiﬁes the intensiﬁcation of the northern and eastern circulation,
which causes a temperature drop in Europe (Hurrell, 1995).
Snow cover persistence in Polish–German lowlands is possible
under positive anomalies of SLP over the majority of the continent,
except for its south and western part, where weak negative
anomalies are observed. The centres of positive anomalies are
located north of the area under study. Anticyclones, which are
favourable for snow cover persistence, usually appear as vast and
strong systems with centres right over or close to the analysed
region and they are always connected with the east European
high. One of the most important factors enabling snow persistence
is the temperature below zero. Winter anticyclones usually pro-
vide very low temperature, mainly because of strong nocturnal
radiative cooling due to a cloudless sky. Furthermore, the antic-
yclones over eastern Europe provide eastern circulation, which,
in the winter season, brings polar continental air and temperatures
well below zero. Sometimes, high pressure centres favourable for
snow cover persistence located northwest of the studied region
cause northern airﬂows.
This kind of study on the relationships between climatological
parameters and circulation seems to be essential in recognising
climatic conditions, particularly for the colder half of the year,
when the insolation weakens and the impact of circulation on the
climate is dominant in the moderate zone. Circulation strongly
inﬂuences the snow cover occurrence in the central European
lowlands. Snow cover is a non-permanent climatologic element
there and it may appear and disappear several times during any
winter season. In the case of such a diversiﬁed cycle, separate
analyses of the synoptic conditions associated with snowfalls and
snow persistence as undertaken in this study supplement the
climatological characteristic of winter season with the knowledge
concerning weather events having a great economic impact.
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